Abstract. Fifty acute SCI patients are reviewed retrospectively for incidence of deep vein thrombosis and pulmonary embolism and the problems encountered in the diagnosis. The possible role of some risk factors in triggering thromboembolism and the consequent implications in anticoagulant therapy are discussed.
Introduction
THE patients with acute spinal cord injury (SCI) are highly prone to the develop ment of deep vein thrombosis (DVT) (Philipps, 1963; Watson, 1968) often leading to fatal pulmonary embolism (Tribe, 1963; Hachen, 1974) . The incidence of DVT in SCI patients during the first several weeks has varied from 14 per cent by clinical and radiological diagnosis (Philipps, 1963) , 61 per cent using impedance plethysmography and contrast venography (Todd et at., 1976) , to 100 per cent as determined by 1 2 51 fibrinogen uptake (Todd et at., 1976) . Pulmonary embolism (PE) is a major cause of death for a few weeks after acute SCI. The incidence of PE has been reported to be 14 per cent using clinical symptoms, X-ray and enzyme studies for diagnosis (Silver and Moulton, 1970) , IS per cent using lung scan (Naso, 1974) and 36 per cent as the cause of death at autopsy (Tribe, 1963) . The diagnosis of pulmonary embolism is often difficult in normal persons (Robin, 1977) and poses even additional problems in high level SCI patients.
At present, the therapy of DVT in SCI patients is based on the assumption that the pathogenesis of the deep vein thrombosis in SCI patients is similar to that occurring after major surgery (Sevitt and Gallagher, 1961) . This includes the important factor of sluggish venous return of the paralysed limbs in the flaccid state (Wright et ai., 1952) . In general, the acute SCI patients are considered to be in a 'hypercoagulable state' (Naso, 1975) but the period for which they remain susceptible to thromboembolism, and the trigger mechanisms, are uncertain. This paper reports on: (I) the incidence of thromboembolism and the prob lems encountered in its diagnosis in acute spinal cord injury patients using: (a) impedance plethysmography and contrast venography for the diagnosis of deep vein thrombosis and (b) a combination of clinical symptoms, Pa0 2 , lung scan and plasma protamine paracoagulation test for pulmonary embolism; (2) the possible role of some risk factors in the pathogenesis and prophylaxis of deep vein throm bosis and pulmonary embolism. The details of the anticoagulation therapy will be presented in a subsequent communication.
Fifty patients with acute spinal cord injury admitted to the V. A. Hospital, Palo Alto, California, between July 1976 to November 1977, were included in the study. The interval between the time of injury and admission of spinal cord injury service varied from 4 to 90 days. All patients were male, aged 19 to 62 years.
Spinal cord trauma was the cause of paralysis in 48 patients. In two patients, paralysis was due to transverse myelitis and Guillain-Barre Syndrome, respectively. Level of clinical lesion varied from C4 to L3. The segment distribution was: 27 cervical, 18 thoracic and five lumbar.
Care of patients included turning every two hours, use of TED hoses, physical therapy in the form of passive ranging and exercises, and respiratory therapy.
All patients were carefully screened for DVT by the following methods:
1. Physical examination for obvious swelling, pitting oedema and local hyper thermia.
2. Thigh and calf circumference measurement taken at a fixed point 20 cm above and below the superior margin of the patella. These measurements were taken every day until the patient became ambulatory on wheelchair, or the muscle tone returned in the lower limb.
3. An electrical impedance plethysmographic study was performed on admission and then at weekly intervals on each patient, while they were confined to bed. Interpretation of the plethysmogram was done as described by Johnston et al. (1974) .
Any patient with a change in the thigh and calf circumference of over 1·5 cm, was evaluated further. Impedance plethysmogram was obtained immediately and, if needed, was followed by contrast venography.
In patients with clinical symptoms of pulmonary embolism, arterial blood gases on room air, a chest radiograph and lung scan were done whenever possible. Perfusion lung scan was done using 99ffi Tc-macroaggregated Albumin particle. Serial protamine dilution test was performed in selected patients by the method of Gurewich and Hutchinson (1971) .
Patients with DVT and/or pulmonary embolism were treated with heparin followed by coumadin. None of the patients were receiving aspirin at the time of development of thromboembolism.
Results

I.
Incidence of Thromboembolism: The total incidence of thromboembolism was 18 per cent. One patient (Case no. I) developed PE without detectable DVT. Thus, the diagnosed incidence of DVT was 16 per cent (Table I) .
I. Relative efficacy of methods in the diagnosis of DVT (Table I) : Thirteen out of 50 patients showed abnormal leg measurements. In one patient who died of pulmonary embolism before therapy, the DVT was diagnosed on autopsy. Out of the remaining 12 patients, seven showed abnormal plethysmogram as well as abnormal contrast venography confirming DVT. Among five patients with normal lPG, abnormal calf measurements were considered to be due to heterotopic calci fication in two patients (diagnosed on bone scan), haematoma thigh in two, and unequal muscle mass between the paralysed and unparalysed leg in one patient.
III. Pulmonary embolism: The diagnosis of PE was confirmed in four patients. Two were diagnosed at autopsy. One patient died soon after admission In three patients, PE was suspected on clinical grounds, but it was not possible to confirm it either by lung scan (the lung scan could not be carried out in two patients because of acute cervical injury and in one patient it was negative), or by Pa02 (the values were lower than 80 mm Hg prior to suspected PE). The first patient (Case no. 2) suffered from chronic obstructive pulmonary disease in addition to being tetraplegic. He developed DVT in the right leg followed by deterioration of respiratory symptoms. The Pa02 before and during suspected episode of PE ranged from 43 to 75 mm Hg. Serial dilution protamine sulphate test was positive in I in 10 dilution. Because of the established DVT, he was considered a potential candidate for PE and anticoagulated for a prolonged period.
The second patient (Case no. 3) was admitted with a history of shortness of breath on the airplane during his transfer to this hospital. On admission he had DVT in right leg and was suspected to have had PE during transportation. His initial Pa02 was 55 mm Hg which improved to 86 mm Hg after intratracheal suction. The lung scan was not done because of cervical traction. The SDPS was positive in I in 10 dilution, indicating recent intravascular clotting. He was treated with heparin, requiring very large doses. His chest X-ray became clear after 4 days of heparin therapy. Heparin was followed by coumadin therapy for four months. It was then discontinued because the patient was ambulating in a wheelchair and he wished to travel. While on visit to another city, he developed a second episode of PE, confirmed by lung scan, but without clinical evidence of DVT.
The third patient (Case no. 4) developed difficulty in breathing and rhonchi in both lungs 17 days after the diagnosis of extensive DVT in right leg and thigh, for In three patients (Case nos. 3, 4, and 6), PE occurred without any clinical evidence of DVT in legs at the time. In two patients (Case nos. 3 and 4) PE was the second episode of thromboembolism occurring II5 and 160 days post-injury, respectively; occurring at a time when coumadin therapy for the first thrombotic episode had just been discontinued.
IV. Incidence of DVT on admission and after hospitalisation: Three patients already had DVT at the time of admission (10, 12, and 22 days post-injury) while five developed it during their stay in the hospital. One patient developed DVT and PE II5 days post-injury while residing in a nursing home.
V. DVT in relation to age and level of injury (Table II) : Five patients were below 35 years of age, while four were between 50 and 60 years of age. Six patients were quadriplegic and three paraplegic.
VI. DVT in relation to period after injury: The period between the injury and diagnosis of thromboembolism ranged from 10 to 160 days. In ascending order the period for the first diagnosed episode was 10, 12, 22, 25, 42, 46, 63, 93 , and 110 days respectively. Two patients (Case nos. 3 and 4) had recurrent thrombo embolism, first episode occurring 22 and 42 days, and second episode 160 and I 15 days after injury respectively. Thus, out of I I episodes of thromboembolism, three occurred beyond twelve weeks post-injury.
VII. DVT in relation to the tone of muscles in the lower extremities: At the time of development of DVT, the muscles were flaccid in four patients, mildly spastic in one and markedly spastic in one. In two patients (Cases nos. 3 and 4), the first episode of DVT was diagnosed and treated during flaccid stage and during the phase of muscle tone recovery while the lower limbs showed mild spasticity, pulmonary embolism occurred without detectable DVT in the legs.
VIII. DVT in relation to the body weight and build: Only two out of nine patients were moderately overweight. The body weight and height (kg/feet and inches) relationships in nine patients was 55/5' 10", 65/6' 1", 68·6/6' 2", 70/6' I", 71/5' 7", 76/5' II", 8 2/6', 105/6' 2", and II2/6' 4", respectively.
IX. DVT in relation to surgical procedures and other associated injuries: In the group of nine patients with DVT, only one patient underwent surgery within 4 weeks prior to diagnosis of DVT. Three patients had surgery before the above mentioned period and five patients had no surgery at all. In the 41 patients who did not develop DVT, surgery was performed in 23 (56 per cent) patients. The operations included laminectomy, insertion of Harrington rods, posterior fusion, partial gastrectomy, and aortic bypass.
X. DVT in relation to infection in the week preceding its diagnosis: Five out of nine patients with DVT had mild to moderate continuous or intermittent pyrexia. Urine culture was positive in two patients. Four out of five patients with pyrexia were treated with antibacterial agents. Urine cultures were negative in all patients on the day of diagnosis of DVT. Blood cultures were negative in all the patients and there was no significant leucocytosis during the period specified above.
Discussion
The incidence of DVT in this consecutive series of 50 patients using impe dance plethysmography and contrast venography is 16 per cent. This is similar to the incidence of 14 to 2I per cent as diagnosed clinically by Walsh (I965), Watson (I968), Silver and Moulton (I970), Hachen (I974), and 14 per cent by clinical and radiological diagnosis (Philipps, I963) . This is much lower than that of Todd et al. (I976) who have reported an incidence of 6I per cent using impe dance plethysmography and contrast venography. Whether this difference is due to the differences in patient sample or patient care is not clear. The level of injury in the two series is not significantly different (54 per cent quadriplegics in this series as against 60 per cent in Todd's series). Since Watson (1968) has reported a much higher incidence of DVT in the first 2I days after SCI, this difference could be accounted for if there was a preponderance of patients in the early phase in Todd's series; but, a breakdown of the period between injury and occurrence of DVT is not available for comparison from Todd's data.
The meticulous and regular measurement of the calf and thigh serves as a simple and inexpensive screening method for DVT. The greatest virtue of the impedance plethysmography is its ready availability and non-invasive technique. However, using IPG technical false positives can occur with certain positions of the leg such as an external tourniquet effect due to the electrodes, improper posi tioning of the thigh cuff, and the patient's clothing. The false positive IPG recordings can be avoided by repeating a positive recording after repositioning of the leg. Confirmation by venography, if available, is helpful in determining the exact site, extent and nature of thrombosis.
Among the factors that are considered as high risk for the development of DVT, our observations as well as previous surveys (Watson, 1968 ; Todd et at., I976) found no striking correlation between DVT and age, level of injury, body weight or preceding surgery. Absence of any relationship with surgery could be due to pre-existing paralysis and stasis in the lower limbs of acutely paralysed patients, thus masking the effects of surgery.
One of the factors that can trigger intravascular coagulation or thrombosis is the presence of endotoxins in the blood (McKay and Shapiro, I958). Since the rate of urinary tract infections is high in SCI patients, and they are subjected to frequent catheterisations, the bacteraemia resulting from such manipulations in patients with bladder infections, or even those with sterile urine (Sullivan et at., I972) but contaminated urethra may trigger intravascular clotting in these already hypercoagulable patients. In patients with urinary tract infection, the deep pelvic veins would be specially vulnerable to thrombogenic effects of gram negative bacteria entering the venous circulation from the urinary bladder. In this series, four out of nine patients with thromboembolism had been treated with antibiotics for moderate pyrexia preceding the diagnosis of DVT. The urine cultures were positive in two and negative in the other two patients while blood cultures were negative in all the four patients. In those patients who have clinical manifestations of infection, such as fever, tachycardia, and leucocytosis, but negative blood or urine cultures, 'L'-forms of bacteria have been implicated as the causative agent leading to the development of thromboembolism (Altemeier et at., I969; Brogam, I977) . This sample of patients is small for any conclusions to be drawn, but if infection can or does play a role in triggering DVT, especially in pelvic veins, it would be logical to treat these patients with anticoagulants along with antibiotics.
In general, the return of tone in lower limbs is taken as an indication of im proved venous circulation and decreased risk of DVT so that onset of spasticity is considered as one of the guidelines for discontinuation of anticoagulant therapy. The development of DVT in three of our patients with mild and one patient with marked spasticity, indicates that spastic limbs, especially those with mild degree of spasticity, are not immune to the development of DVT. Two of these patients (Case nos. 3 and 4) developed PE without detectable DVT on lIS and 160 days post-injury respectively. Both had a previous episode of DVT and were treated with coumadin which was then discontinued. At the time of onset of PE, the lower limbs were already spastic in both the patients, and urine cultures were positive. Pulmonary emboli in these patients could have originated either from deep pelvic veins, possibly triggered by infection, or from legs which had mild spasticity. The venous circulation in such limbs may not be vigorous enough to prevent thrombosis but the contraction of even mildly spastic muscle may be suffi cient to squeeze and dislodge an existing small thrombus before it is large enough to manifest locally. In such a situation, patients with mild spasticity may be even more vulnerable to pulmonary embolism and should continue to receive prophylac tic anticoagulation until the spasticity has progressed and stabilised to a marked degree.
Dislodgement of thrombi with consequent sudden PE has been described dur ing passive exercises (Shull and Rose, 1966; Guttmann, 1973) . We have, for this reason, withheld both passive and active exercises during the first 72 hours in patients after the diagnosis of deep vein thrombosis was made and only a gentle single range of motion of all the joints was allowed during the first week to prevent contractures. Activity was gradually increased when the patients were adequately anticoagulated and there was no evidence of progressive active thrombosis.
The high incidence of DVT in SCI patients warrants more aggressive pro phylaxis. The prophylaxis in SCI patients has been attempted by oral anti coagulants (Silver, 1974) as well as low dose heparin (Casas et at., 1976) , or a combination of both (Hachen, 1974) , with significant reduction in the incidence of thromboembolism. An unsettled point remains the period for which prophylaxis should be maintained and the criterion for the discontinuation of anticoagulation. Should anticoagulation cover only the high-risk period of 4 weeks after injury as recommended for post-operative patients (Adar and Salzman, 1975) , or 12 weeks following injury, this being the period when majority of the patients develop thromboembolism, or, simply until wheelchair activity is resumed (Hachen, 1974; Casas, 1976) ? It is apparent from our review that although the majority of the acute SCI patients develop thromboembolism within 12 weeks of injury, some continue to be susceptible over an extended period. In the series published by Silver (1974) 3 per cent of the patients developed DVT after the oral anticoagu lants were arbitrarily discontinued at 12 weeks post-injury for bladder surgery, and he wondered if it was too short a time to stop the prophylactic treatment. In our series two patients developed the first episode of DVT beyond twelve weeks. In two patients a second episode of thromboembolism occurred at I IS and 160 days post-injury respectively, after Coumadin therapy for the previous episode was discontinued. At present there is no modality available to screen out the patient with extended hypercoagulability, and, it is obvious that a fixed regime of arbitrary period of prophylactic anticoagulation may not cover the risk factors in all patients effectively. The prophylactic anticoagulation, therefore, has to be individualised by considering a number of f actors which include the period after injury, degree of spasticity in lower limbs, ambulation, presence of infection, previous episodes of thromboembolism, and any evidence of recent intravascular coagulation.
The diagnosis of pulmonary embolism using currently accepted criteria based on clinical symptoms, hypoxaemia and perfusion lung scan poses several problems in acute SCI patients: (I) Clinically, there may be masking of mild symptoms such as chest pain, cough and haemoptysis (Silver and Moulton, 1970) . (2) Pulmonary embolism may occur without any clinical evidence of DVT. The incidence of PE without clinical evidence of DVT in SCI patients has been reported as high as 50 per cent (Watson, 1968; Naso, 1974) , and occurred in one third of our patients. The DVT when present favours the diagnosis in a case of suspected PE. The diagnosis of mild pulmonary embolism in the absence of clinical DVT can be extremely difficult. In this situation, the serial dilution protamine sulphate test, if positive, lends strong support to diagnosis (Gurewich and Hutchinson, 1971) . I t is a non-specific test which detects the presence of fibrin monomer arising from a recent intravascular clotting including DVT in legs or pelvis and pulmonary embolism. Since fibrin monomers have a short half-life, the test is positive only for 48-72 hours after the fresh clotting episode. (3) Even in the absence of PE, the tetraplegic patients tend to have a low Pa02 due to paralysis of the respiratory muscles and complicating pneumonia. In general, Pa02 of 80 mm Hg or less is accepted for the diagnosis of PE, but many acute tetraplegics may run a Pa02 value of 70 mm Hg or lower (Bergofsky, 1974) before the onset of PE, rendering this criteria ineffective for diagnosis. One of our patients suffered from chronic obstructive disease in addition to being tetraplegic, and his Pa02 fluctuated between 42 to 85 mm Hg before and during suspected PE. (4) The lung scan may not be feasible sometimes due to serious neck and chest injuries. These problems arose in two of our patients suspected to have PE. Although the lung scan could not be done, they were treated for suspected PE with anticoagulants in view of current DVT in one patient and a previous episode of DVT in the other. In one patient in the present series, PE was suspected but lung scan was negative. Nevertheless, his respiratory symptoms subsided on heparin therapy alone. The lung scan also may not be easily available at odd hours. In every suspected case of PE where the specific diagnostic criteria can not meet non-specific tests such as X-ray, serial dilution protamine test, and lactic dehydrogenase estimation (Szucs et ai., 1971) could be very helpful. If more than one of these tests support the clinical diagnosis, the patients should be treated with anticoagulants in view of their potential for developing fatal thromboembolic complications.
SUMMARY
A retrospective review of 50 acute spinal cord injury patients revealed an incidence of 16 per cent for deep vein thrombosis and 8 per cent for pulmonary embolism. Age, level of injury, body weight and preceding surgery had no striking correlation with thromboembolism. The period of susceptibility to thromboembolism after injury extended over a period ranging from 10 to 160 days, about one fourth of the episodes occurring after 12 weeks of injury. The bacteraemia resulting from frequent catheter manipulations, especially of the infected urinary bladder, may possibly trigger deep vein thrombosis. Acute SCI patients may be more vulnerable to pulmonary embolism at the time of return of spasticity in lower limbs while it is still mild in degree. The diagnosis of pulmonary embolism in high level acute SCI patients presents difficulties due to masking of symptoms, initially low Pa02, silent deep vein thrombosis and unfeasibility of performing lung scan due to lung and chest injuries. Chest X-ray, serial dilution protamine sul phate test and lactic dehydrogenase estimation can be of help in making the diag nosis in such patients. The implications of these findings in anticoagulant treat ment are discussed. RESUME Une enquete retrospective concernant 50 malades atteints de lesion medullaire revele une incidence de 16% de thrombose veineuse profonde et de 8% d'embolie pulmonaire. Aucune correlation nette entre thromboembolie et age, niveau lesionnel, poids, antecedents chirurgicaux n'a ete constatee. La periode de risque thromboembolique va de 10 it 160 jours, un quart des episodes survenant apres 12 semaines. La bacteriemie liee aux chate terismes, specialement en cas d'infection vesicale, peut dec1encher une thrombose veineuse profonde. Les malades avec lesion medullaire peuvent etre plus vulnerables aux embolies pulmonaires lors du retour de la spasticite dans les membres inferieurs, meme encore tres moderee.
Le diagnostic d'embolie pulmonaire est difficile pour les lesions medullaires aigiies hautes, du fait des symptomes masques, de l'abaissement de la Pa0 2 , des thromboses veineuses profondes silencieuses et de l'impossibilite de realiser un scanner pulmonaire en raison des lesions thoraco-pulmonaires. Chez de tels patients, peuvent aider au diagnostic: la radiographie thoracique, la courbe de dilution du sulfate de protamine, Ie dosage de la lacto-dehydrogenase.
Les implications de ces donnees pour la conduite du traitement anticoagulant sont discutees. 
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